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Desertpdon 

I - I ^ ! riso-i 

5 i mh« s <- i v Son of signals using a 

g - i * i t I in. ! r > 

« ,» , - i s v ~n 

ledslyigun^ 

Wireless communication systems are assuming ever-increasing importance 
10 -sen ) , , v. , 5 as 

uim t «i< c» r >oi f - .vrnxm « * abs "a 

digital signals. 

Currently proposed standards for wireless communication systems snslude 
gmv, - ^a m< ^> lt ~y N t <u m.i { g g .m'ara* * ich use 
15 v « o [ up v r* 

Time Division Duplex p FDD's the HtPERtAN and HIPERLAN2 local area network 
standards of the European , t ^ "»h Standards institute 1m, which 

' * * * - t f t - of 
20 ^ 1 

m o u | - n - white 

< - > - s > < t ^ - < -tm the 

> 5 > u > « , r s -> in 

Hn 1 ■ n s - N -i ^ t. ^ i>» M n j w * 

25 >\ c e «• a «n - d < \ i , . t > - 

! o ! * l i 1 <. same data 

s sprsad I 1 r t 1 o < > s , 

1 ! - ic - m * m v i s N - 5 f 

of the complex channel attenuation and phase shifts: the Channel State 
3D in natio? CS \ Ch > >iatc sn lod at the race! 
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transmitter. The knowledge or the channel enables the received signals to be 
J as ilntly according to t N Con technique, in 

the received signal is multiplied by the Hermifen transpose of the estimated 
channel s ansf< i mi > 

h - J'l H - , > 1 , s t f^l > ^ t 1 sf^.i 

'dosed loop' and "open loop' In dosed loop signal transmission, information 
concealing [he transmission channels e utilised A the ha- ^soitws to improve the 
communication. For example., me document Togo UMTSd.1 318/98 

presented to the BTSi UMTS Physical Layer Expert Group describee operation of 
a Transmit Adaptive Array { TxAA) FDD scheme n which the dedicaisd < n ne « 

i i ^ ! 1 * ith the sane n je at \ ) , „ $ 

but with rfenna-speoilio amplitude and phase e i ins < 1 ie a < eh t us< s pUo < 
transmitted on the Common Channels to separately ostlmate the channels seen 
tro n e„mh o ^o ir * T n , j n 

the transmitter to maximise the power received at the receivep quantises the 
v* ghts vj feeds them I he tee Th ;rn < tile the 

i i on is 

^nsmiltecit s i nna of five arrag US Patent I >< 92 25s 

assigned to the assignee of the present invention describes a closed loop 
transmission system of this Kind. Alternatively, in TDD systems, the channel state 
information for weighting the signals applied to the downlink transmit antennas 
m a iN d- ,v 1 m w n M Mm , , j^u.m q *n? cm lownTtk ,md mdsmd 

innrelse,^ men m<> > <wms ot^ c vn«i> m bnan i hu t 

information horn the receiver te the transmitter 

Farther Improvement In communication may be obtained by use of a RAKE, 
t m t * na! t mi jnai reflects from 

^ffe.W 5,^ ^ j > i < j 5 < , , f , 

copies of the signal with uifferent delays, if the signals arrive more than one 
elementary signal element open from each other, a simple receiver can resolve 
them, uai m each mivioual its pat I signal's f f. of view ih iulti 
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path signals can bo regarded as interference arid mey arc- suppressed by the 

processing gain of a simple receiver or a s agio R d\ receiver finger. 

A >il < < " c f ! *> eg 1 ^ re^ ^ n f !i , h 

Siqnafs The ?ov;ew *n ov om < SOMA > >\1A 

5 Ram > Prasad and 1V< * ennm;onson<v P rw t » 

»i*^<. o - o ,tniK ■> ! < ' ' v > t ihe 

s,gnni is :<eosn%ttoo and tl ! < s> , , ^ end 

5 f C , i > * ^ v ! \ Iks, njxliiyA I 

fing i different mull Hi rwl. In each finger 

10 th- . <o « s, < j , i : , r - . r 

tl ■> '* i > i * , nil' ^ n si'icl a^i x i ^ » <?, the 

Signals are weighted n combined, for example by i s m ratio t > * >> f that 
c ! f i , s < < s bn ih*. 

si% order and thus 

15 i d - o u 

' 1 c - i i >> N < ' < v ,vi h ikic rn< 

ivifonn Kih * if - v\el lie 

R \hh ii s f lei n< n t u\ « r » tfh t r an b* 

kmrdvv < < h \ sur in th JAKI 

20 > - > ! < . > < n od - 

tracKing loop, wnich tracks the > delay of each e h , I signer.. 

The ' i t f i < P 
hi August 1090 presented to the 3GPP working group 1 proposes 

for UMTS TDD mode pro-distorting the transmit signals separately (or 

he ••* • i • \ — emml ten < » i the neec 

ce;o i t to be able to use a 

- \ » » M n k r it* i nttrt jr? «« ** 

> t ' , { > j, vl tu>.i t^-i iiu !t " 

^ WW I I t ,r i i ' 1 < 1 ! << C < f > 

SO 1 4 ■< i ii ! or Mi n proad 

by H dampaih r Bbwsker. A J. Pachas,, published by l£EE n -TC 2000 
describes an OFDM transmission system in which channel knowledge made 



em-ipp.p- a? v transmitter s used » a }^ ^- the signals tmmm ated from the 
ife>^bi v -n ,m so --n - - i { s ^ n^m-, *. * em The 

system includes a Finite impulse Response (FIR) filter thai combines copies of the 
trans* it sigrvala vdUwespe ,< ay* cl wc ^ m ns) and launches the 
5 > f > - ^ j u < 

' i < id » i i ti he o t *> 1 N v - i s < u o > s 

n i the ieterference end avoid the use of a multi-finger RAKE receiver or 
equaliser at the r mr The present invention obtains improved performance 
compared to these systems by exploiting the molthpaih signals, 

10 So v < , 

Toe present invention provides a method oh and apparatus for, closed loop 
voteless transmission o< eanols -o^ no ndaptfve transmit antenna array as 
described in thr m ... nip a > nn claims. 

IS Figure 1 

with one em t smif ant ml M re< 

x > a / x ft msmpm 

f j , - ^ h n i i > n o o kind 

mvi h, m « m i f 

20 - , Mt n , » , *n 

Figure 4 is a schematic diagram of a mobile station In a eornmunication 
n o ' m \ , , i -» , - „ n v < -< - -mm 

c , - x > v i i he or a system of th kind 

25 I mn a d c ( n 

N< c s > x ^ ; tu na 

Figure 6 is a how chad of a method of setecang FIR nioa idp poaifsonm 
x i it N , x eft ts x ip t 3 - 1 < ( a ?of x v m \ > 
base station in a preferred erne im thr jvention, and 



figure 7 is a graph of the simulated bit-error-rate as a function of the raise 
tnsmit < rg t to > > e ( E i a system oi the kind s 
having a reduced number of FIR taps at selected positions tor each transmit 
antenna, 

5 fibhbfiMx^ 

r Jji h i Mi ( « - , t s bye 

an i > ! -( it reiess oemmun < I > » ■ , - - , rst 

- , m tv< 1 * > > 1 x > , >t ' { i i, e f i u ^ 

* i 1 - ' "<>< % 5 > 1 > i % tUvU 

1 0 m i * > ^ i m v m 

static f i i iransmbmion and 

reception ami, moreover, the same antenna elements are used both for 
transmission and reception in the preferred embodiment of the invention. 

The transmitter sice 1 comprises an array 3 of N transmit antenna eiemenbs, 
15 hi i h , v 4 m hi u ni, 

-b - ents on each side ss chose a? a 

compromise nam cm; economies! considerations and the technical desirability to 
provide increased channel diversity. In the case of mobile telephony, a single base 
station servos many hundreds or oven thousands of mobile units and it is therefore 
20 rnore economical ic add am ele-nmnh, « r< * station than to the mobile 
Mnr'o Mi o.^ e * so < t< , <» , > )t m V »m t 

station; less euti I and a higher number of am \ I >e chosen on th uses 
s ide t h a m as i I I 

Each transmit antenna element in the army 3 transmits over a variety of 
2S paths t 5 s ti , , i > 

n e n ;> receive antenna element oaf of a fatal of M, each of the transmit ahfenns 
elements 1 to :> transmits to the receive antenna elemem !n over a variety of paths 
due to multiple reflections and scattering, a him: Introduce complex multi-path 
ta«*u Lo t& . o< "K I , m - r s m- <m» ,<A •* fV ^ xm \ m, lh« 
30 ! t , t * » - i r o < *bra od tx L lo 1s 

representing the different paths in the channel beiween transmit antenna n and 



so n ; 



- i ^! <? e iK - in ! x < > s i i V of 

> v i * ' „ > n ! ii - -r i\v ! i S ! f x \ 

' > ' " * P h - ' f h M <v- l i h. f - , if ~> 'H ^> , on 

OMie-rMi 5 « „c 1k>-< \ \ Hk \! P * i M 5 p« rt i 

5 < f > f < i h r - I 4-1 ^ "F J 

scheme can be considered fcr example for the UMTS FDD mode However the 

s nt invention \ i \ ; s s < which use 1 . P i 

presence of multi-paths. 

in operation, each symbol x < the signal to be transmitted is spread and 

10 If -th<\ < i > < M S H i -'f^P ^ id it ,,>ji vC^pC 

f * ft 3 i > - < ! < > i - S > ,i i K 

receiver side 2 of the system comprises a demodulator/detector 6 oNch receives 
ICS tiu„ t » oh > fro n 

a recesve elements , aftes ad i sip am <> 4 ef the spina 

15 i < t * is t ! f i * < > ( \ < ) 

*' h ? , - nesse - s finger RA (E 

ce >w>< T v \ 1 i i ii 

! t - ' i i i I ! l ! H u ii 

aligned with the delay of the multi-path signal. After de-spreading, the signals are 

t'O I I < * » I ^ 111 < i 1 J k' 

< ! hh ^' i i 'ah si sh 

x. C< \ - , f * s ' *i ! ir— r 

'i \ h \ to 

<qjh- D i u- .<> r P = t * , > » ff >m » 

25 the 
i ! J w ! f nt n 

X II Cs U I < I 

e-^ett si iii c ■> rmn - i < i 

nssenied (e.g., FDD systems;, tr order to optimise the ompot of a Pp-ihe receiver. 
30 Note, however, that when channel state estimation ;s known at the transmitter this 
operation can be done at the transmit side (e.g.. 'FDD systems). 
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Accordingly, the set of FIR filters 5 produces copies of the Signals to be 
ttee v s ,< n-<m ,n * ,1 j> .\ . crh v ^ au svjht* a v v 
Inn i \ 'of co h » -i t* s ! A u»t t , , the 

resp e mum-pa i sion cha cftarac sties from fhaM p - 
5 antenna * nent othe recsi a inter is noe) I 

Figure 2 shows or an t v n{ of one practical embodiment of the set of RR 
> - f * ; n y . is ,i > > h » 

* « >J *> * n * ransmit entenm in this 

i 5 ? i » n ini< 's 

10 f^»to no by the common set of 11 delay elements, but respective * \ a * < 
cos icients apres (ad by the se t~ set and a east compnsln F 
<< <j 4 li i> s ^ iU { ? f e < 

s i - t ( , s . s „ L tltu^d ^ 

" i . ! eis fi and 7 to 11 are iponc 

15 ; < > * o . < < - n k " ~t t u . e 

d<c!a/h e weighting and combining the signals to be transmitted r performed by 
- >ftw; 'a ithm 

Figures 3 and \ ov, i >o"ii of lh< m? ;aUon > a system in 
kmv ^n"v"P . f s I f too 

20 baa^c .es * > ' > i id) t In 

! t ! * T3 but moulted to 

in* v < - v. nen present irwen ioa 

shown t Figure 1 or Figure 2, The system comprises a base station (Figure 3) 
having a transmitter sectioa i and a receiver section that use the same antenna 
25 r<*v o » d «^ s t*o t« « ^ » d! i, imii ,~i tm t fnu 

receiver section 2 and a transmitter section that use the same antenna array 4. 
bodirnenf of the invent ! ^ * is shown v> 1th - us 

>smit mmh 3t th< e station and .* - t the moi 

~e as upp a s i > 

30 >mmwnicatlon hstw m the transt e; i in ;o station .she |ui I 

the receiver of the mobile unit, shown in figure 4 



At the bass station, data Is Input to a coding bkx* 12 where CRC 
3t hm » < i it >t a ban i odi * rats ma hin nietl* ng and 
multiplexing are performed. The rescuing data train h supplied to a OPSK 
modulation unit each pair of Uvo consecutive symbols is mapped ante a OPSK 
5 symbol (e.g. the first bit on the in-phas ! . , — ^ > second one on th 
quadrature > 02 breach). Th&n each branch is supplied to a spreading block 14, 
the so I < I 1 i 1 v ^ i a 

i I . ! ' 1 '5 U i * i ^'^v.f.K 

ana Q oranahes th treat ; > > i » an u hp; 

10 The 
a > sits , i 

each bansmlt antenna branch #a. {a--/ 4), the sequence of complex-valued 

i is -afpoa * Ss f * m - G » i ad 

delays at* ( infrol id > <r weight vector w h n-1 4 ach weig rectos is 
1.5. derived in a weight select i > ed 

by a base station receiver 17 (progressiva refinement can be used, as described in 
the centre, ton by Motorola to a working group for the 3GPP standards entitled 

r Mi -* V M < k * < > I \ ^ C-« - 

Sep 3. Hannover Germany. The resulting signals on each branch are fed to the 
20 respective nsna? ana r , i transm-J a * array 3 

Pilot symbols are max lee t the i a n I u m foi ?ach transmit 
aaieeca Two types al aac symbols are used- dedlcaPwl pilot. symOais which will 
undergo the > V filter on each antenna, ana common pilot syndesis I < S, which 
i a, h s m I d n ( Ci tin' 1 I t.i ? The 

25 ealeab - I i > code station 

whereas the Cl OH pi 1 (b M be t idered in ids imputation f the 
^ ' N s f erlfication techoiqu I I a 

preferred embodiment of the invention, as described in the contribution m 
Motorola to a a ? group for th ' , i mnihm 

30 t sity ma re - fSG-l QC 1081 

2 N -mausi ?cXT ?es n, _ - a- 5 T ? ih at v\ t t ' tnlqu 

is used, a combination of the informations contained In eoth the dedicated and die 
common pilot symbols will be used. These channel estimation and equivalent 



r'rn If. tn tj»* f. imhdm< h< >> ! b, n ' i* -> r ^ n ( ur"h r, c 
the sat 5, and the channel response) are computed at the mobile station. 

The mebiie station shown m Figure 4 composes a respective de-spreading 
and oVe-x i unit IB and i 9 for each receive antenna of the array 4. n which 
the r - < t i ! a the 

i traduced nP the respective dents o 

FIR niters of the set 5 used in transmission. These operations arcs mailed on a 
receive antenna basis ana Pneer basis. One hager ;c assooreted to one delay 

C U l( <* ' l . > ^ i O* O 

set 5, and the respective delays due io the roufopath channel). Note thai the 
recommended nu? 2 j $ \\ \ OH it th umber of 

non null peine (Q • } I ui be != mithuet m < i i item ;t the m< 
relevant lingers are considered. The output oi the units 18 and 19 is a set of R 
o\ ileas oi the symbols A idling, the R 

pic re <a ,uutl a ' t > ! i ' c" f - r ! 

receive antenna) which combine them according to chosen criteria, such as 
maximal ratio combining ts to be 

applied for maximal ratio combining am supplied by a channel estimation unit 22 
that receives the signals directly from the antenna army 4. The resulting data from 
i < ni m o m b i i i d to a 

mu t tn vm mens «■ t -Minns i smt , < k I t> e ie v n i j s 
24. The decoding block 24 performs the reverse operation of the coding unit 12 
v n , \ > 

\ V is > > ii > 

sing tl ha mation $ unit n a preferred ibodimen 

vent c > i ie ) is i ss dr in the conihhutio 

by Motorola to a working group for the 3GPP standards entitled PJE Complexity 
)ensider< c " > * * msmi! D arsih 1 i i TSG 
i'SGR 1^3(28) 227, 22-2bth March :P2e Stockholm H a cod a bock is used, as 
i , }<~ o tarn* t \ th- v m ^ ; x n - . h~ i ~ ! t sei > 

eights m me codebook ma gives the highest received power given by 
P * 1 i*\ " m <-2 it v. t m - i s it t tc be 



mobile frs liter unit 6 c ingth spilnkphs peeling IN fltions forth* 
feedback sue! as the iv> <> * ms slot Note that as progress e 

refinement technique ears he used, the eel of available weights for the optimisation 
b laced sn order to take i count ti ou I 1 s i i 

>, 1 }» < «tt u n f - i i t c ^ , 8 

Referring agam to * more general case ,w\n I Figure 1. the il'Mt 
dimensional signal vector y ^ * obtained >♦ the recede antenna 

array 2 can be written, after de-spreading and when interference end rto;se are 
ignored, as 

y - Hwx Eq. 1 ; 

where U is the matrix of the equivalent channel seen by the data symbol a. 
' ». el i » « ! I » ' Mi< r ^,t the 

cha^rt 1 o.\ * ;m t - N m < . u v M has 

L*F~1 rows and NxF columns, and Is given by: 



K K 



0 K; 

1 o 



/aV : 

a 



Ee, 2, 



0 ... # ». o o - o o •» ^ J 

in equation Eg. a the weight vector w is a column vector of length W thai 
is \\ ' * i An de; naximai ratio combining Rake 

receiver combines the ' - r ? components of the row vector y by applying the 
; < \ me 

n j" 1 ^ Eq 3 



t Sii< !->W *V> SHI I i'i. ■ >n 



where the exponent ' corresponds to the Herm&an transpose and conjugate 

bjf Trifo ib \ - •> * < <^ i " ( 

i 5 ! i n \ DMA system) are u 

* . • h v.? i « <^ it \ 

6 ha in eq afion fcq 3 ths ^ctor u is norm s k * I no 

ntcs - ■> < \ s N * * * * s * ^r< , ^ cu ? ^ >n-ci 

oefl s The outs >s - s then ec 

s fw !i H s IIw Eq, 4 . 

Its; mbol d > (->»•, stamsneous rec xh >wr of the 
10 Wru d < q; - q A to 

6 < jhi ^ * ) n j i 3 i povves 

under the unit norm constraint ; i so trust the tola? transmit pe.wer is also 
normalized. The analytic solution for w, also called the eigenfuier solution is the 
16 * < ? i t n it v t i 

exampl* * ^ >^ ^ < ^ - - (i ^ ^ «V,r» < o , , ha 
published by Prentice Mali). 

> «• < . N » - o an is 

•a < 5s. p s . - a i s < > n .< <. u > < 

20 - v » v * - r> * a* rn \ 

communication, for a smpie 

Is a preferred ea;bodsneni of the present invention, ui components or the 
kjhi ^ctor v * i i i - > the 

u-'vi . a w < a . - ^ M>^s u : mat fv ms. siting veetra w 
25 u 1 ^ 5 \ % N - >> . < o i i t < < 

> ! i \ i , t i itai'^n 

amplitude value and a pnase shh ^\p! or just a phase shsh erew/y?) (apart 
from the transmit power nonredizetienb A set or potential candidates for in a phase 

c^iitS *< fOi < \ * - M "TV dOf'"* , t «- . ! v.S- utOr ^ 

; 4 4 4 4 j 



is then coded and sent back to she Remitter 1 for FDD schemes according to a 
fined speed ie.q„ cm e - i i i t ! i 31 *n 

> o*n h h i v! Mi*' k< t v~ » vndel on < 

two bits. Note that progressive refinement technique can also be used at both 
arw *i an ecei > , k ^: i!\, io>-;-; j h ho *> 

i i j | ( v «. v h r 1 v n 

erroorafe FfcR capacity. C/l ' <. * . ms feedback speed, channel 
conditions....). 

Wmn Ucmnc •* amovm v - be k-». ? n \ ^s km Ofsn do m ! PR c\,o- ho 
ie snaiytk sok ton as e § th quants ation ro ss can h io <^ at I 

* , i-C< , ' < 5 f i ! I -i.iiMi.ivK> 

s 5 si af < < % nts \ at 

FIR filter on eecii hansmk antenna of the array 3 is chosen equal to the channel 
I n * i j i * ! 

This number of coefficients has bean found to represent a good compromise 
Petvveen o o s > m «\u ^nplexity. 

Hu. v s nogmM 

FIR filter (taps are spaced Tc span, where Tc is the chip period), when me multi- 
path channel on each antenna is composed of 3 taps with respective energy 0\6 ; 
0.3. 0.1 and rut' deiays 0. 2, 3 Tc. it wdi Im seen that irmmaslng > number 
of coefficients << the FIR fitter results in improving the performance of the TXAA 
I f I i < i ) d& can bo 

abiainea compare m a si gle « j.i pm ant ma kx - Ming i o inmfoei >i 
^ > , , s > < < « > . .» < m t n 

there is a saturatioi effe i act fXAA syste \ wih - nb< >effieienf. FIR 
achieve distant* i £ ie pedum cc as a TXAA system *vitb a 10- 
* l | lex. it i w i nsi fc c 

kade-ob between complexity n n number oi MR ooefficsems) and nmfonnance. 

hi accordance with oilier preferred embodiments, as for example FDD 
systems, since the amount of signalling between receiver and transmitter 
(feedback) depends an the number F of coefficients in each FIR kites it can be 
esua! s n *i s - - < i eoaily wm hannels large delav 



spread ore considered, For i\ rl 1 isn us " - it 3 composed of Q 

non n \\ u) * a) v N «< ^ f-»^ * ^ S(i "^ ? ' b T a * r 

approach described iusi above leads to a amoefrisieni RR filter on each antenna, 
a If i I » *- ! ^ ; s - ^ vK <tl 

efficiently with I he complexity versus performance problem, this number can be 
reduced io Q baps, • c- . to selecting only the author oi \ r v jirsb'e or relevant 
paths la the channel as a function of the number or muir-paih trajectories between 
the transmit antennas and the receive antennas. These taps are not necessary 
spaced T s apart, but are chosen among the positions of the L coefficients 

corresponding to the delays 0. T s , 2TT {L-1)T. (not in terms of amplitude but 

delay). This is equivalent to consider a vector *„ with L-Q noli components, for 

Lena d *■ iQj CRism f ' 1 N ,! - ter^\,hy 

suppressing sis null components, A preferred embodiment which leads to the 
m i m» sd energy written for the vector w(Q < Q) w N (Q» 

Is to select the positions of the nor. null coefficients in «•« at tb 

i .8 P < i . ! ! 5 

<Xyg e cs — ^V"^\ £{ T$ 

f > » > >t < < S h< < v, / 5 > 1 ' f f lit' 

be >r • . « « N t eq - f ! pressing the 

columns of the matrix H corresponding to the null coefficients in w. The resulting 
,v-« ^ ell * b* f "> ^ p*> rn 

*, j , i ,5 - o*dO>ovso 

n t ^ ^ s a - . - - ^ < v< ^ < oo - 

A preferred method of selecting HR filter tap positions, calculating the 
<. Isce^s a v. ( <\ ^ ' * - ^ s x> the 0e*e since > s 
hewn In figure 6, I firs 2 5 shoe*? toss he delays o 

the FIR fiber at the base station are set based an an estimation of the uplink 
channel. In a second step 2a. the weight sdecbon and update unit 18 at the 
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rrob < \ ^ hv a- 1 * Ci> ^ n » do "> ■> * }i \ <- r I 

in a third step 29. the mobile station foods she quantised Information w(Q) 
(amplitude and phase; back to the base sodes; through the uplinx i ! > ;PB \ > 
fi^y > ^ev<. * * 

As an example it * consider a rnuttPpnth channel with Q~3 non null paths 
ncnteo m 0 :? vdi^n <- a* e N d " <u \ - or for 

> < < - < \ t us a - tm ioa^ is composed Os N-o 

tii 1 p' esve anions ? >eisolent 

t "d!^f\i mi i - , * > « > - ^ n n e jk 

It Is given by 



p4 o 

1 1) sp 

Uf o 

0 % 

0 0 

o 6 



Eq.T 



p u < > < i the 

maximum eigenvalue of the matrix H**lt lends to the coefficients to be applied on 
each FIR filter. 

it is ass » i ~ R U t v. 

oeated os de- d son n ; » ?; ?rn 

^s no Ns r u b\ 

4 ! 0 o 4 0 o] 

(} /</ a 0 /?; o : 

a ; : 0 0 af 0 0 

e; 1 ?4 hi 14 14 H 

0 8* 0 0 a* 0 

0 0 p; q o /e 

o o hf q o # 



;« s , > 



Tier o-x urt»* «H* - ' ; , « c?nco f -\ v ,nhr nv^iinuiii 
eigenvalue of the mainx <fG leads to the non-null coefficients to be applied on 
each FIR filler ( nf * 

Let us consider another example through a multipalh channel ««h Q~?< 
5 relevant pa'hs located at 0. 10 h o " r T ? h- two proposed s om 
consider either a FIR filter with l- ?.? coefficient per antenna or a FIR filter with 
only Q*3 wetbioealed coefficients per antenna it it Is assumed that 2 quantization 
bits are used to determine a coeffj? e \ then the total amount f feedbaoi is 
divided by 4 with the second approach {24 bits in the f.rst ease, only 6 Ms in mo 
10 second oner 

Fiquse 7 represents a s^nulntion, similar to Figure b of the performance 
obtained with this embodiment of the present invention. It w\\l bo seen that this 
sirr,' If feats j « o O , o m - m , 5i \ac v « m encn 1 1 , fj vr ^ < t ^ui amenns 
en sits n a !c*s oi on.y 0 ; dB — . I w hie? n«cr Mb . 
15 qaamn-aiion) for two transmit antennas with respect to the original fx A A scheme. 
Note as, c < „ »n - i > > m an ^ m «i, em t , , and 

ee< ck can be applied to the 



1, A method of closed loop wireless oonmmnicetion of signals Losing an adaptive 

! »r » n \ - | , t o' uv^» a goals m be 
nsmit by seal tras. nte« s 3} rim pre r oth dr s and 
n < } > pi a-non;ssi.oo oca 

characteristics ( H ) from said transmit antenna array (3) to a receive actenaa 
rra ? i < ml c 1 > < a said 

traraeasr e> v 1 array hie. 

characterised I n t hat t fa? ci clays a nd weights ( a; ) o f t fie t ransmrt c oples f or 
each transmit antenna element in) are functions of the respective multi-path 
transmission channel characteristics (K^- ■■>&!■ ;Lu) 1rr ' m that tmnsnsi 
^t, ne v m m e n , I . , > u as d 

components propagated to each receiver element are received with 
un>s;:yum aa>:e c«;ay» a^aifiy e> . ninnag^aon pam, anu ma;, scs.-a 
! \ ece v slg r £ 

antenna element with delays and weights {«} that are respective functions of 
tee maitheaih transmission u t v 

2, A mho as i> n « ,i>or> a a/herein said receiver comprises a !> «i nrp? 
RAKE receiver (8) that copies the reserved signals from said receive antenna 
array «t « deiays nne wo i h m that are respective functions of the multi-path 
transreissioa channels and combines the copied received signals, 

3, A method aa claimed in claim 1 or 2, wherein sain deiays and weights (m) of 

' as s r ? . - s 

> misslo ['^ } from each t 

* v i , > a x m m < m , . - »v v 

(2). 

4, X method as claimed in claim 3 f wherein said delays arid weights of said 



represents the coefficients of the FIR filter applied on transmit antenna #/ and 

iftd e>he s *t Is calculate L N fee sub ntiait ^ v * € jet 

t l it d r I! 

matrix of the equivalent channel seen by the symbol data and tf Is the 
entnKten transform i 'B 

bh A method - i im rein said n s ci v ? - e i 

a » w < > . a 

y^Sfthv 

& A method as chimed fa am 0 f claims i to 3. wherein the number and delay 
ition of 5 I > > the 

• » . i \ > - «? < n ^ m > 

- eeh mten I 

7. i 1 < jsm 6, when \ i multi-path 

transmit copses for a given transmit antenna element and the receive antenna 
array are selected to be substantially equal to 0,u ( <, ^ y v * v 

that transmit antenna element and the receive antenna array, 

6f A n n u as claimed In claim 6. therein said weights of said t m si copses 
< < v v m ^ x , \n * v , « n f -sr d.N the 

coeifi o; « lied * t v f sm 11 he nun er 

v , <- n i * ~ ! e i i <• I 

to ho substantially equal to hie eigenvector corresponding to the largest 
, - * , m < ^< e< I " -A *- m tb< 

c s t, ' - <, •> m c v> jj mn . hv « u\ m k « i 3 n 
enn een by the j I da by setting to null the v i in ih 

net e^ ^fo< v > N i . ^ o > J, - 



rmsm 



9. A method as claimed in claim 7, wherein &ad delays and enigma applied by 
said receiver are substantially equal to u^-^-.^.- . 

10. A method as earned n arsy preceding dales wherein the maximum delay 
n< to no dm ,0^ i »o<* \» rn\ e fro'-n l~n m is 

, ^ im I equal to the maximum delay between the multi-path trajectories 
between that transmit antenna and the reeelvs antennas, 

11. A transmitter for closed loop wireless communication of signals comprising an 
adaptive transmit aatenua array (3). naite impulse response tiitsr means (5} for 
producing amlthoeth copies of the se^sale ie be transmitted by said transmit 
<umn n ,m d' ^e\" m - ^ e , t n > v .> - . * w 
transmission channel characteristics (B) from said transmit antenna array (3) 
to a 1 * f ! a v, 

snsmi leans aner? 

\ ttivehwas ^ a I we-hh m< >o1t*mtancmi « t 

< w mat in) *e uu r*ans d *ht ^> m 
lamensson c\^V a -am iziic i . ' s If am ! e< 

ant enaa element ta the mceive en . array en sued a m multi-path 
signal eempoaen * J received with 

f | ? a a mc- <a die 

transmitter! aig.nais are suitable for reception by a receiver (2) that combines 
fiia received signal components horn each receive antenna element with 
* * , * ' ^ > - c g t 

t -as assse c ; 

12. A transmitter as claimed in sisim 11 comprising channel Information mesas 
(16) bar receiving channel information from said racemes 

sg p ^mrtb ^ < r ^ < v - d w lv <- ! aaa ^ a. « aserwnaa-s 
comprises a store lor possible belay and weight combination functions of the 



i ,yl v mhn -m-m s > i -a, - -m : mm n H , 3 , 

information if said receiver. 

14, A transmitter as claimed m any of claims 11 to 13 suitable for performing a 
mot d $ t tit $ v is o 1 i - 

1 > <<- > > c ^ < -> , , h u -i ^ > < . , \ - a a j x 
antenna for reception by closed loop wireless communication of signals from a 
t n . i b < , r (i mi 1 § . ^ 1 > 

i < '> h< <!> i < H v «! ^ ' o ' \~ 

> > i f ' the received signal components from each receive antenna element 
v;fn dn'-ys -.. hm in; t nneaon » * ' ! > 

t ji t i ! n i > H i tabic iq a 

f m » ' m ! < s s - a >h t, naiad and 

propagated to thai receiver oiement by said ? i n ,* v n array with delays 
and weights ( m } far each transmit antenna element n that are inactions of 
thi s | m h t! i 1 1 * m 

from that jmmn antenna element such that said multi-path signal 
> > > » v l 1 In j s the 

p' k n c | 

TCP A sethed as c s f avman aakl i: npa i , i 

finger RAKE meaner (6) that copies Uve received signals from said receive 

i . > I i I i ! s< m I \ 

m i\ pain nan em >ion mae - , f thy copied re ,0 >ig i , s 

\ < > m ' v. u ^ f 1 cm *r * j « r aoticn ^eeie 

< \ N - > > inn 1 Vi i ' * 

IBs A receiver as claimed in claim 17. wherein said channel information means 
' >a n s i r i a n < ,o t < < . a < < m 

of the copied signals and said channel incarnation means identifies functions 

a ^ ** ^ m iu> m f 5 1 i n i a >.mtu« aa s ^ - 
CD- 



^ f .-r d f f u*«ns is b tfc sutei » ncrtcrm 

method according to any of claims 1 to 9, 
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Figure 2 
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